Introduction {#sec0001}
============

In December 2019, a cluster of pneumonia cases of unknown origins occurred in Wuhan, Hubei Province, China.[@bib0001] Thanks to the high-throughput sequencing technology, the pathogen that caused this series of pneumonia was soon identified.[@bib0002] ^,^ [@bib0003] This novel beta coronavirus is now named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).[@bib0004] The disease is also named 2019 novel coronavirus disease (COVID-2019).[@bib0004]

Similar to other coronavirus, human-to-human transmission of COVID-19 pneumonia has been confirmed in case reports.[@bib0001] The disease has rapidly spread from Wuhan to other areas in China, as well as other countries including Japan, Korea, Italy, USA and Germany et al.[@bib0005], [@bib0006], [@bib0007], [@bib0008] Therefore, the World Health Organization (WHO) has recently declared the COVID-2019 a public health emergency of international concern.[@bib0009] As of Feb 29, 2020, a total of 85,403 cases of confirmed COVID-19 pneumonia have been reported worldwide.[@bib0010]

The clinical characteristics of the COVID-19 have been partially reported. Huang et al. first described 41 cases of COVID-19 in which most patients had a history of exposure to Huanan Seafood Wholesale Market.[@bib0011] Subsequently, Chen et al. and Wang et al. reported findings from 99 cases and 138 cases of COVID-19 in Wuhan, respectively, suggesting that elderly with comorbidities were prone to develop acute respiratory depress syndrome (ARDS).[@bib0012] ^,^ [@bib0013] Initial presentation of 13 confirmed patients outside Wuhan has also been revealed.[@bib0014] Most recently, Guan et al. delineated the clinical characteristics of the largest case series of COVID-19 in China, which confirmed the epidemic spreads rapidly by human-to-human transmission and that the disease severity predict poor clinical outcomes.[@bib0015] However, the clinical course of the COVID-19 is still not clear. Herein, we collected data from 249 laboratory confirmed cases, aiming to present the clinical progress of the COVID-19.

Methods {#sec0002}
=======

Study design and participants {#sec0003}
-----------------------------

For this retrospective, single-center study, we recruited patients from Jan 20 to Feb 6, 2020, at Shanghai Public Health Clinical Center (SPHCC), Shanghai, China. SPHCC is the pointed hospital that treat COVID-19 for adults in Shanghai. All patients with COVID-19 enrolled in this study were diagnosed according to Chinese national guideline for COVID-19 diagnosis and treatment, as well as the World Health Organization interim guidance.[@bib0004] The study was approved by Ethics Committee of SPHCC and informed consent was obtained from patients involved before data were collected retrospectively. Informed consent was waived for patients unable to obtain an informed consent (i.e., those discharged or died).

Procedures {#sec0004}
----------

Epidemiological, demographic, underlying comorbidities, symptoms, signs, laboratory findings, X-ray, chest computed tomographic (CT) scans, treatment and outcome data were obtained from patients\' medical records. The final date of follow-up was Feb 25, 2020. In clinical practice, body temperature was measured by means of digital thermometers. The parents were asked to take their body temperatures at least four times a day or even more frequently when the fever was high. Defervescence was defined as patients maintained normal body temperature without any antipyretics (e.g., nonsteroidal antiinflammatory drugs, corticosteroid).

PCR of SARS-CoV-2 for the upper respiratory specimens was not tested every day after admission. For patients with repeated PCR tests, the first date of the result was recorded if the patients had consecutive negative results, while the latest result and date were recorded for patients who had inconsistent results of the consecutive tests.

Laboratory confirmation and SARS-CoV-2 PCR {#sec0005}
------------------------------------------

Laboratory confirmation of the SARS-CoV-2 was achieved by the Chinese Center for Disease Prevention and Control (CDC). Subsequent test of upper respiratory tract samples for SARS-CoV-2 after admission was performed by both SPHCC and CDC based on the recommendation by the National Institute for Viral Disease Control and Prevention (China) (<http://ivdc.chinacdc.cn/kyjz/202001/t20200121_211337.html>).

Statistical analysis {#sec0006}
--------------------

Depending on the distribution of the data, categorical variables were described as frequency rates and percentages, and continuous variables were described with mean, median, and interquartile range (IQR) values. Means for continuous variables were compared via independent group t tests when the data were normally distributed; otherwise, the Mann-Whitney test was used. Proportions for categorical variables were compared by the χ2 test. Wilcoxon ranksum tests were used for nonnormally distributed data. The median time to temperature normalization and viral clearance was examined by Kaplan--Meier estimates. The association between baseline clinical characteristics, laboratory results and intensive care unit (ICU) admission was calculated with logistical regression. All analyses were performed using STATA v12.0 (StataCorp, College Station, TX). The figures were constructed using GRAPHPAD PRISM 8.0 (GraphPad Software Inc., San Diego, CA).

Results {#sec0007}
=======

Clinical and laboratory characteristics of the study population on admission {#sec0008}
----------------------------------------------------------------------------

As of Feb 6, 2020, a total of 249 patients were enrolled in this study. The median age was 51 years old (IQR, 36--64 years), and 126 (50.6%) were male. The duration from onset of symptoms to hospital admission was 4(2--7) days in patients with symptoms. Ninety patients (36.1%) had one or more coexisting chronic medical conditions. Cardiovascular and cerebrovascular diseases were the most common comorbidities (55\[21.7%\]), followed by endocrine system diseases (25\[10.0%\]). The most common symptoms at onset of illness were fever 217\[87.1%\], cough (91\[36.5%\]) and fatigue (39\[15.7%\]). Less common symptoms included dizziness and headache, shortness of breath, rhinorrhoea, sore throat, diarrhea and inappetence ([Table 1](#tbl0001){ref-type="table"} ). Seven patients (2.8%) who were close contacts of confirmed COVID-19 cases were asymptomatic while RT-PCR results were positive in their throat-swab samples.Table 1Clinical presentation and pertinent laboratory findings of patient population with COVID-19 (N = 249).Table 1Clinical characteristics, symptoms or signsAge, years Median(interquartile range)51(36--64)Sex Male (N,%)126 (50.6%)Days from one set of symptoms (days)4(2--7)Signs and symptoms at admission (N,%) Fever217(87.1%) Cough91(36.5%) Fatigue39(15.7%) Dizziness and headache28(11.2%) Shortness of breath19(7.6%) Rhinorrhoea17(6.8%) Sore throat16(6.4%) Diarrhea8(3.2%) Inappetence8(3.2%) Asymptomatic7(2.8%)Comorbidity (N,%)90(36.1%) Cardiovascular and cerebrovascular diseases55(21.7%) Endocrine system diseases25(10.0%) Digestive system diseases9(3.6%) Respiratory system diseases5(2.0%) Chronic hepatitis B virus infection2(0.8%) Malignant tumor1(0.4%)Laboratory findings White blood cells (×  10^9^ per L)4.71(3.80--5.86) Lymphocytes (×  10^9^ per L)1.12(0.79--1.49) C-reactive protein (mg/L)12(4.4--29.4) Erythrocyte sedimentation rate (mm/h)54(33--90) Alanine aminotransferase (U/L)23(15--33) Aspartate aminotransferase (U/L)25(20--33) Albumin (g/L)40.8(37.9--43.0) Lactate dehydrogenase (U/L)229(195--291) Lactate (mmol/L)1.4(1.1--2.1) Estimated glomerular filtration rate (mL/min/1.73m^2^)109.2(95.3--127.2) CD4 T cells counts (cells/uL)431(299--637) CD4/CD8 ratio1.68(1.24--1.33)

On admission, leukopenia and lymphopenia were observed in 28.9% and 47.4% of the patients, respectively. Erythrocyte sedimentation rate (ESR) was increased in 85.5% of the patients, while C-reactive protein (CRP) was elevated in more than half of the patients. Elevated levels of alanine aminotransferase, aspartate aminotransferase were less common as well as decreased level of the estimated glomerular filtration rate. CD4 T cells count was decreased in 45.4% of the patients while CD4/CD8 ratio was normal in 92.8% of the patients.

Treatment and outcomes of the study population {#sec0009}
----------------------------------------------

All of these patients were admitted to negative pressure isolation wards. Patients were given supportive treatment after admission. Antiviral drugs (e.g., lopinavir/ritonavir, arbidol) were tried in a small proportion of patients. Corticosteroid was not used unless a panel discussion by experts considered necessary (e.g., ARDS). A total of 22(8.8%) patients were admitted in ICU 8.5 ± 4.0 days after onset of symptoms. A total of 8(3.2%) patients developed ARDS 4.8 ± 2.4 days after onset of symptoms. To the time of submission, a total of 215 (86.3%) patients were discharged after 16(12--20) days hospitalization, 13 patients were still in ICU and 19 patients in stable condition. A total of 2 patients died (0.8%).

Defervescence in the study population {#sec0010}
-------------------------------------

As fever was the most common symptoms among patients with COVID-19, we investigated the duration of fever in this population. Fever occurred in 18 of the 32 patients (56.2%) who were afebrile on admission, including one asymptomatic patient. Therefore, a total of 235(94.3%) patients had fever during their clinical course. In most of the patients (203\[86.4%\]), body temperature gradually dropped and returned normal with or without supportive therapy after admission. Corticosteroid was used in 32(12.9%) patients. The estimated median duration of fever in all the patients with fever was 10 days (95 confidential intervals \[CIs: 8--11 days\]) after onset of symptoms. Patients who were transferred to ICU had significantly longer duration of fever as compared to those who were stable (median duration of fever: 31 days v.s. 9 days after onset of symptoms, respectively, *P* \<0.0001, [Fig. 1](#fig0001){ref-type="fig"} ). Corticosteroid was used in 13 patients in ICU. However, their body temperatures were not normalized until 20.7 ± 6.8 days after onset of symptoms. Most of the other symptoms including cough, fatigue and diarrhea also waived before defervescence.Fig. 1Duration of fever in patients in ICU and not in ICU from onset of symptoms. ICU: intensive care units.Fig. 1:

Radiological changes in disease progression {#sec0011}
-------------------------------------------

On admission, 203 patients manifested bilateral pneumonia in X-ray or chest computed tomography ([Fig. 2](#fig0002){ref-type="fig"} ) and 39 patients showed unilateral lesion. CT scan result was normal in another 6 patients. Of the 248 patients with repeated radiology examination, the image showed progression in 163 (65.7%) patients after a median of 3 days (that is the 7th day after onset of symptoms), including three patients whose images were normal on admission. The images presented shifting of radiological lesions, which was characterized by improvement of original lesions together with the appearance of new lesions. Some patients showed worsening of original lesions with or without development of new lesions. Images presented disease relief in 56(22.6%) patients and stable condition in 30(12.1%) patients, respectively. Among those patients with radiological worsening, 91 patients did another radiological examination after a median of 6 days (median 14 days after onset of symptoms). 154(94.5%) patients at this point showed improvement, while 1(0.6%) and 8(4.9%) patients showed stable condition and deterioration in images, respectively.Fig. 2Computed tomographic (CT) scans of two patients.Case 1: Chest CT scans on admission of a 75 years old female on day 3 after onset of symptoms (A). CT scan showed worsening on day 6 manifested by bilateral multiple ground-glass opacities (B); Chest CT scan on day 9 showed improved status (C).Case 2: Chest CT scans on admission of a 30 years old on day 5 after onset of symptoms (D). Improvement of original lesions together with the appearance of new lesions on day 10 (E). Chest CT scan on day 13 showed worsening status (F).Fig. 2:

Viral clearance in the upper respiratory route {#sec0012}
----------------------------------------------

A total of 248 patients had PCR tested for SARS-COV-2 in upper respiratory tract specimens during this observation period. All of them had at least two repeated tests. The estimated median time from initiation of symptoms to PCR negative was 11 days (95 CIs: 10--12 days) in all the patients. In asymptomatic patients, PCR turned to be negative 2(1--3) days after admission. However, the estimated median time from initiation of symptoms to PCR conversation was significantly longer in patients in ICU than those not in ICU ([Fig. 3](#fig0003){ref-type="fig"} , *P* \<0.0001). In a Cox proportional hazards regression model, CD4 T cell counts on admission (HR = 1.07 per 100cells/uL increase, *P* = 0.02), older age (HR = 0.99 per year, *P* = 0.02), and asymptomatic (HR = 14.3, *P* \<0.0001) were all independently associated with early PCR conversion.Fig. 3Time to a negative conversion of virus by PCR analysis of upper respiratory tract samples.Fig. 3:

Factors associated with ICU admission {#sec0013}
-------------------------------------

Trying to find factors that were associated with poor outcome, we then compared clinical and laboratory characters of patients admitted in ICU (*N* = 22) and non-ICU (*N* = 227). In univariate analysis, male gender, older age, high levels of white blood cell count, lymphocyte cell count, CRP, lactate dehydrogenase (LDH), low levels of albumin, estimated glomerular filtration rate and CD4 T cells count were all associated with the development of ARDS ([Table 2](#tbl0002){ref-type="table"} ). In multivariate logistical analysis, older age (OR=1.06), CD4 T cell counts (OR=0.55 per 100 cells/ul increase) were all independently associated with ICU admission ([Table 2](#tbl0002){ref-type="table"}).Table 2Factors associated with intensive care units admission.Table 2:Univariate logistic regressionMultivariate logistic regressionOR95% CIP valueOR95% CIP valueAge1.081.04--1.13\<0.001**1.061.00--1.120.046**Male7.102.04--24.070.0023.380.77--14.90.11Comorbidity4.341.70--11.100.0021.830.50--6.750.36Fever1.520.34--6.850.14White blood cells (×  109 per L)1.281.08--1.520.0041.070.79--1.450.66Lymphocytes (×  109 per L)0.240.08--0.750.014.050.89--18.50.07C-reactive protein (mg/L)1.041.02--1.05\<0.0011.010.99--1.030.58Erythrocyte sedimentation rate (mm/h)1.000.99--1.020.58Albumin (g/L)0.750.66--0.85\<0.0010.950.78--1.160.60Alanine aminotransferase (U/L)1.011.0--1.030.15Aspartate aminotransferase (U/L)1.021.0--1.030.050.990.96--1.030.86Albumin (g/L)0.750.66--0.85\<0.0010.950.78--1.160.60Lactate dehydrogenase (U/L)1.011.0--1.02\<0.0011.011.0--1.020.08Lactate (mmol/L)1.230.88--1.700.22Estimated glomerular filtration rate (mL/min/1.73m2)0.980.96--0.99\<0.0010.990.89--1.020.89CD4 T cell counts (Per 100 cells/uL)0.450.31--0.64\<0.001**0.550.33--0.920.02**Radiological lesion4.460.62--31.90.14[^1]

Discussion {#sec0014}
==========

Studies on COVID-19 have generally been limited to the description of the epidemiology characteristics, initial clinical, hematological and radiological findings.[@bib0011], [@bib0012], [@bib0013], [@bib0014], [@bib0015], [@bib0016] To our knowledge, this is the first report to date that describes the temporal clinical progression of COVID-19.

In the current study, most of the cases were mild as evidenced by relatively low rates of ICU admission and high rate of cure rate. This is inconsistent with a recent report which showed more than 80% of COVID-19 cases were mild in China.[@bib0017] However, nearly 10% were severe and critical, indicating that exploring the clinical progression and possible mechanisms is essential to the disease control.

The clinical progression of COVID-19 in our patients showed a biphasic pattern. The first phase was characterised by fever, cough, fatigue and other systemic symptoms. In consistent with previous studies, we found that fever was the most common symptom in patients with COVID-19. As high as 94.3% of the patients in this study, including those who were afebrile on admission had fever. Guan et al. recently showed that only 43.8% of the patients with COVID-19 on presentation but developed fever in 87.9% following hospitalization, indicating the afebrile patients may be at the early stage of the disease.[@bib0015] During this first phase, consistent with fever, the disease progressed as evidenced by radiological worsening within 7 days after onset of symptoms. The disease progression during this time could be explained by uncontrolled viral replication as most majority of the patients showed positive results for SARS-CoV-2 PCR from their upper respiratory specimen.

As the disease progressed into week 2, symptoms began to relieve in most of the patients. 10 days after onset of symptoms, half of the patients were estimated to restore normal body temperature. The duration of fever was comparable to that in patients with SARS (11.4 days), but longer than those with MERS (8 days \[range, 0--54 days\]) and other coronavirus diseases.[@bib0018], [@bib0019], [@bib0020] However, different from SARS, whose patients frequently had recurrence of fever in week 2, most of the patients with COVID-19 had normal temperature thereafter.[@bib0021] In line with defervescence, half of the patients also became PCR negative with their upper respiratory tract samples. In addition, radiological improvement was observed in 94.5% of the patients whose radiological images showed worsening in the first week.

The median time to viral clearance in this study was 11 days after onset of symptoms, which was significantly shorter than that in MERS (17 days), indicating it is virulence maybe lower than MERS.[@bib0019] Actually, most of the patients are able to clear the virus and their clinical course fit the biphasic model well. However, viral clearance was observed in only a small proportion of patients in ICU. Therefore, the clinical progression in these severe cases may not fit this biphasic model. Indeed, patients admitted to ICU were unable to defervesce without corticosteroid therapy or had significantly longer duration of fever compared with those in the non-ICU group. Persistent fever, lung damage and diseases progression could be partially explained by uncontrolled viral replication. To reduce the risk of disease progression and poor outcome, an effective antiviral to early reduce the viral load may be important. Several drugs are potential candidates to inhibit SARS-CoV-2 replication, including remdesivir which is under clinical trial.[@bib0005]

The host immune responses against the SARS-CoV-2 may also contribute substantially to COVID-19 pathogenesis. In the current study, both older age and lower CD4 T cells count, indicators of immunosuppression, were significantly associated with ICU admission. For our patients who stayed in ICU, elevated interleukin 6 levels had been observed (data not shown), which is in consistent with the previous reports.[@bib0012] ^,^ [@bib0022] Therefore, the persistence of COVID-19 induced excessive but aberrant non-effective response which is associated with cytokine storm.[@bib0011] ^,^ [@bib0023] A small proportion of patients developed ARDS early in the clinical course and five of the patients in ICU did not improve significantly after viral control. Consistently, inflammation persists after viral clearance in SARS.[@bib0021] Taken together, these evidences indicate that disease progression may be a result of an over exuberant host response. Along this line, apart from effective antiviral agents which could decrease viral load at the early stage and in turn result in decreased immunopathological damage, the role of host-directed therapy could be an important tool to reduce the mortality.[@bib0024]

Theoretically, corticosteroid treatment could have a role in the treatment of COVID-19 as it suppress lung inflammation. Despite of fever persistence and radiological worsening in the first week, most of the patients had normal temperature and improvement in images with or without supportive therapy from the second week after onset of symptoms. Most importantly, corticosteroid had been shown to delay clearance of MERS-CoV from respiratory tract and SARS-CoV from blood, respectively.[@bib0025] ^,^ [@bib0026] In the current study, delayed COVID-19 clearance was associated with ICU admission. Therefore, in agreement with the WHO guideline, we are against the usage of corticosteroid for the treatment of COVID-19.[@bib0004] ^,^ [@bib0027]

There are some limitations of our study. First, a small proportion the patients were still hospitalized at the time of manuscript submission. Therefore, clinical outcomes in these patients were not available and continued observations are still needed. Second, we did not test SARS-CoV-2 daily for everybody. Hence, the actual duration to viral clearance should be shorter than the estimated one. Meanwhile, we did not quantify the viral load of the SARS-CoV-2 and false negative of the PCR result for upper respiratory sample has also been reported.[@bib0015] For that reason, studies on the dynamic changes of the viral load are still warranted.

In summary, the majority of COVID-19 cases are mild. The two phase pattern of the disease progression suggests that early control of viral replication and application of host-directed therapy at later stage is essential to improve the prognosis of CVOID-19.
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[^1]: CI: Confidential interval, OR: Odds ratio.
